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SUMMARY 

The p i t c h ,  yaw, and ro l l  damping as w e l l  a s  t h e  o s c i l l a t o r y  s t a b i l i t y  i n  
p i t c h  and i n  yaw were measured for t w o  canard-wing c o n f i g u r a t i o n s  wi th  wing 
sweeps of 440 and 60°. Other  parameters measured du r ing  t h e  test  were t h e  
normal f o r c e  due to p i t c h  ra te  and t h e  cross d e r i v a t i v e s ,  yawing moment due  
to r o l l  r a t e ,  and r o l l i n g  moment due  to  yaw r a t e .  The tests were made a t  free- 
stream Mach numbers of 0.3, 0.4, and 0.7 and for a n g l e s  of a t tack from about  
-4O to 20°. 
strakes, wings, v e r t i c a l  t a i l ,  and h o r i z o n t a l  t a i l  were determined.  The b a s i c  
canard-wing v e r t i c a l - t a i l  c o n f i g u r a t i o n s  g e n e r a l l y  had p o s i t i v e  damping i n  
p i t c h ,  yaw, and ro l l .  The e f f e c t  of t h e  canard  was u s u a l l y  b e n e f i c i a l  excep t  
f o r  a tendency to decrease t h e  o s c i l l a t o r y  d i r e c t i o n a l  s t a b i l i t y .  T h e o r e t i c a l  
estimates were made us ing  a v o r t e x - l a t t i c e  computer program; they  were then  
compared wi th  t h e  expe r imen ta l  r e s u l t s .  

The e f f e c t s  of v a r i o u s  components such as t h e  canard ,  nose 

INTRODUCTION 

Ai rp lanes  wi th  canard  s u r f a c e s  have been s t u d i e d  and flown s i n c e  t h e  
beginning of powered f l i g h t .  Over t h e  y e a r s ,  hcwever, t h e  use of a h o r i z o n t a l  
s t a b i l i z e r  to t h e  rear of t h e  main l i f t i n g  s u r f a c e  has  become dominant world- 
wide for a i r p l a n e s  of a l l  types .  More r e c e n t l y ,  t h e  advantages  of cana rds  on 
maneuvering f i g h t e r  a i r p l a n e s  have been reexamined i n  d e t a i l  as par t  of a s t u d y  
by t h e  N a t i o n a l  Aeronaut ics  and Space Adminis t ra t ion .  References  1 ,  2 ,  and 3 
form a p a r t  of t h i s  s t u d y  and show t h a t  i t  is p o s s i b l e  for a canard-wing con- 
f i g u r a t i o n  to  have inc reased  trimmed l i f t ,  reduced t r i m  d r a g ,  and reduced wave 
drag .  The p r e s e n t  s t u d y  was conducted to  de termine  t h e  p i t c h ,  yaw, and r o l l  
damping a t  subson ic  speeds of t w o  c lose-coupled canard-wing c o n f i g u r a t i o n s  of 
f i g h t e r - t y p e  a i r p l a n e s .  The tests were made a t  f ree-s t ream Mach numbers from 
0.3 to 0.7 and a t  a n g l e s  of a t t a c k  from approximate ly  - 4 0  to 200. 

SYMBOLS 

The aerodynamic parameters  i n  t h i s  report a r e  r e f e r r e d  to  t h e  body system 
of axes  a s  shown i n  f i g u r e  1 i n  which t h e  c o e f f i c i e n t s ,  ang le s ,  and a n g u l a r  
v e l o c i t i e s  are shown i n  t h e  p o s i t i v e  sense .  These axes  o r i g i n a t e  a t  t h e  moment 
r e f e r e n c e  c e n t e r  which was l o c a t e d  accord ing  to t h e  model drawings i n  f i g u r e  2. 

b r e f e r e n c e  span,  54.36 c e n t i m e t e r s  

R o l l i n g  moment 
rolling-moment c o e f f i c i e n t ,  

%Sb 
C l  
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= -  , per r a d i a n  
1P 

C 

- - ” , per rad ian  lh C 

C l p  + C1g s i n  a damping-in-roll  parameter ,  pe r  r ad ian  

r- , per rad ian  ‘1 r 
r- , per rad ian  

* 

‘1 r 

C l r  - C1B cos a r o l l i n g  moment due to  yaw rate parameter, per r a d i a n  

, per r a d i a n  
ac1 

cl  B a6 
= -  

C I B  cos a + k2Clt  e f f e c t i v e  d i h e d r a l  parameter, per r a d i a n  

C z B  s i n  a - k2Clh r o l l i n g  moment due to  r o l l  d isp lacement  parameter ,  
per r a d i a n  

cm P i t c h i n g  moment 
pitching-moment c o e f f i c i e n t ,  

%SC 
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=- , per radian %s 

, per radian - - 
%I 

damping-in-pitch parameter, per radian Gq + G;u 

, per radian 
3% 

= -  
%a aa 

= -  , per radian G h  

\”/ 
% - k2G4 osci l la tory longitudinal-stability parameter, per radian 

Normal force 
CN normal-force coefficient,  

%S 

= -  , per radian 
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cNq + cN& normal force due to  pitch ra te  parameter, per radian 
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= -  , per radian 
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3 



CN& , per radian acN 
=- ag) 

c N a  - k2CN4 normal force due to pitch displacement parameter, per radian 

Yawing moment 
yawing-moment coefficient, 

qaD= 
Cn 

.. 
= -  /pb,t per radian 

”P C 

a -  

- - per radian 
c”p 

a -  

C + Crib sin a yawing moment due to roll rate parameter, per radian 
”P 

acn 
= -  , per radian ‘nr 

- -  - - , per radian Cn? 

cnr - Cn$ cos a damping-in-yaw parameter, per radian 

, per radian 3% 
= -  

“6 a6 
C 
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C cos a + k2Cn; o s c i l l a t o r y  d i r e c t i o n a l - s t a b i l i t y  parameter, pe r  r a d i a n  “B 

yawing moment due to  rol l  d isp lacement  parameter, 
per r a d i a n  

C s i n  a - k2C nB 
- 
C mean geometr ic  chord,  24.56 c e n t i m e t e r s  

f f requency  of o s c i l l a t i o n ,  h e r t z  

k reduced frequency parameter ,  Wc/2V i n  p i t c h  and Wb/2V i n  r o l l  and 
yaw, r a d i a n s  

M free-stream Mach number 

P angu la r  v e l o c i t y  of  model about  X-axis, r a d i a n s  p e r  second 

9 angu la r  v e l o c i t y  of model about  Y-axis, r a d i a n s  p e r  second 

%, f ree-s t ream dynamic p r e s s u r e ,  p a s c a l s  

R Reynolds number based on c 
- 

r angu la r  v e l o c i t y  o f  model about  Z-axis, r a d i a n s  p e r  second 

S r e f e r e n c e  area, 1 1  56 c e n t i m e t e r s 2  

V free-stream v e l o c i t y ,  meters p e r  second 

X,Y,  body r e f e r e n c e  a x e s  

a a n g l e  of  a t tack ,  deg rees  or r a d i a n s  

B a n g l e  of s i d e s l i p ,  r a d i a n s  

w angu la r  v e l o c i t y ,  2Tf, r a d i a n s  p e r  second 

D o t  over  q u a n t i t y  i n d i c a t e s  f i r s t  d e r i v a t i v e  wi th  r e s p e c t  to  t i m e :  

Model component d e s i g n a t i o n s :  

C canard  

H hor izon  t a l  t a i l  

5 
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W 

s t rake  

v e r t i c a l  t a i  1 

wing 

MODEL AND TEST APPARATUS 

Three-view drawings of t h e  model w i t h  b o t h  t h e  44O and 600 swept wing con- 
f i g u r a t i o n s  are shown i n  f i g u r e  2. The h o r i z o n t a l  t a i l  and t h e  s t rakes  on t h e  
f u s e l a g e  forebody were t e s t e d  w i t h  t h e  4 4 0  sweep wing on ly .  The canard ,  hor i -  
z o n t a l  t a i l ,  and v e r t i c a l  t a i l  s u r f a c e s  had a leading-edge sweep of 51.700 and 
each o f  t h e  exposed p a n e l s  had t h e  same dimensions.  De ta i l ed  geometr ic  charac-  
teristics of t h e  model are l i s t e d  i n  t ab le  I. The c h a r a c t e r i s t i c s  of a l l  t h e  
aerodynamic s u r f  aces are based o n  t h e  p lanform formed by ex tend ing  t h e  l e a d i n g  
and t r a i l i n g  edges  to  t h e  model c e n t e r  l i n e .  

A photograph of t h e  60° swept wing c o n f i g u r a t i o n  mounted o n  t h e  s t i n g  for 
t h e  f o r c e d - o s c i l l a t i o n  dynamic s t a b i l i t y  tests i n  t h e  Langley high-speed 7- by 
10-foot  t u n n e l  is shown i n  t w o  views i n  f i g u r e  3. A d e s c r i p t i o n  and t h e  oper- 
a t i n g  c h a r a c t e r i s t i c s  of t h i s  wind t u n n e l  can  b e  found i n  r e f e r e n c e  4. Photo- 
g raphs  of t h e  small-ampli tude f o r c e d - o s c i l l a t i o n  dynamic s t a b i l i t y  b a l a n c e s  are 
i n  f i g u r e  4. Reference  5 c o n t a i n s  a d e t a i l e d  d e s c r i p t i o n  of  t h e  dynamic sta- 
b i l i t y  ba l ances  and t h e  a s s o c i a t e d  d a t a  r e d u c t i o n  equa t ions .  

TESTS 

The dynamic s t a b i l i t y  parameters were measured p r i m a r i l y  a t  Mach numbers 
of 0.4 and 0.7 f o r  a l l  c o n f i g u r a t i o n s .  I n  a d d i t i o n ,  t h e  damping-in-roll  and 
t h e  a s s o c i a t e d  parameters were measured a t  a Mach number of 0.3 for t h e  4 4 0  
swept wing c o n f i g u r a t i o n  i n  o r d e r  to  o b t a i n  d a t a  ove r  t h e  a v a i l a b l e  angle-of- 
a t t a c k  range. The parameters were measured a t  t h i s  Mach number because a n  
ex t r aneous  model-sting v i b r a t i o n  had l imi ted  t h e  BVW c o n f i g u r a t i o n  i n  a n g l e  of 
a t t a c k  a t  t h e  h i g h e r  Mach numbers. The r ange  of  a n g l e  of a t t a c k  a v a i l a b l e  w i t h  
t h e  dynamic s t a b i l i t y  s t i n g  was from about  -4O to 20°. The nominal v a l u e s  of 
t h e  wind-tunnel test c o n d i t i o n s  are l i s t e d  i n  t a b l e  I1 whi le  t h e  ampl i tude  of  
t h e  fo rced  o s c i l l a t i o n  and t h e  range  of reduced frequency parameters for t h e  
v a r i o u s  a x e s  of o s c i l l a t i o n  are l i s t e d  i n  table  111. 

To i n s u r e  a t u r b u l e n t  boundary l a y e r  o v e r  t h e  models, carborundum g r a i n s  
were a p p l i e d  as three-dimensional  roughness  to  t h e  m o d e l  nose and a long  t h e  
l ead ing  edges  of t h e  canard ,  wing, and t a i l  s u r f a c e s .  The s i z e  and l o c a t i o n  
of t h e  g r i t  were chosen based on  t h e  w o r k  i n  r e f e r e n c e  6. The t r a n s i t i o n  
strips c o n s i s t e d  o f  N o .  120 carborundum g r i t  a p p l i e d  i n  bands 0.16 cm wide. 
These bands were l o c a t e d  2.54 cm a f t  of t h e  model nose and 1.27 c m  streamwise 
a f t  of t h e  l e a d i n g  edges  of t h e  canard ,  wing, and t a i l  s u r f a c e s .  

6 



RESULTS AND DISCUSSION 

The resu l t s  f o r  t h e  component breakdown of  t h e  44O swept wing conf igura-  
t i o n  are shown i n  f i g u r e  5 f o r  damping i n  p i t c h  and o s c i l l a t o r y  l o n g i t u d i n a l  
s t a b i l i t y .  The BVWC c o n f i g u r a t i o n  is seen  to  have p o s i t i v e  damping i n  p i t c h  
(nega t ive  va lues  of  C, + Gk) and p o s i t i v e  o s c i l l a t o r y  l o n g i t u d i n a l  s t a b i l i t y  

nega t ive  va lues  of for Mach numbers of  0 . 4  and 0 .7 ,  The model 

moment c e n t e r  l o c a t i o n  was chosen prior to  t h e  test to g i v e  p o s i t i v e  l o n g i t u d i -  
n a l  s t a b i l i t y  by us ing  t h e  v o r t e x - l a t t i c e  computer program d i scussed  i n  a sub- 
sequent  s e c t i o n  of t h i s  paper .  The d e s t a b i l i z i n g  i n f l u e n c e  of t h e  canard is 
e v i d e n t  i n  f i g u r e  5 excep t  f o r  a n g l e s  of a t tack above 16O a t  a Mach number of  
0.4; The e f f e c t  o f  t h e  a d d i t i o n  o f  a l o w  aft-mounted h o r i z o n t a l  t a i l  to  t h e  
canard-wing c o n f i g u r a t i o n  (BVWC) is seen i n  f i g u r e  6 and shows t h e  expected 
increase i n  p o s i t i v e  damping and i n  s t a b i l i t y :  N o s e  s t rakes  (see f i g .  2 ( a ) )  
were added to  t h e  44O swept wing c o n f i g u r a t i o n  i n  an e f f o r t  to  main ta in  t h e  
d i r e c t i o n a l  s t a b i l i t y  to  h igher  bngles  of at tack. The strakes were modeled 
a f t e r  one v e r s i o n  of  those  t e s t e d  i n  r e f e r e n c e  7 .  For t h e  B W C  c o n f i g u r a t i o n  
of f i g u r e  7 and t h e  BV c o n f i g u r a t i o n  of f i g u r e  8, t h e  a d d i t i o n  of  t h e  nose 
strakes is seen  to  i n c r e a s e  t h e  damping i n  p i t c h  and to  decrease t h e  oscil la- 
t o r y  l o n g i t u d i n a l  s t a b i l i t y  a t  t h e  h igher  ang le s  of a t tack ;  The 60° swept wing 
c o n f i g u r a t i o n  BVWC i n  f i g u r e  9 has p o s i t i v e  s t a b i l i t y  and has  p o s i t i v e  damping 
i n  p i t c h  excep t  for almost ze ro  damping a t  M = 0 . 4  and 18O a n g l e  of  a t t a c k ,  

The normal force due  to  p i t c h  rate and t h e  normal f o r c e  d u e  t o  p i t c h  d i s -  
placement parameters are p l o t t e d  i n  f i g u r e  1 0  for t h e  44O swept wing conf igura-  
t i o n .  The B W C  c o n f i g u r a t i o n  has  e i t h e r  p o s i t i v e  or n e g a t i v e  v a l u e s  of  t h e  
normal f o r c e  due to p i t c h  ra te  parameter depending on Mach number and ang le  
of a t t ack ,  The e f f e c t s  of t h e  a d d i t i o n  of t h e  h o r i z o n t a l  t a i l  and t h e  nose 
strakes on t h e  normal force parameters are shown i n  f i g u r e s  1 1 ,  12,  and 1 3 .  
The resu l t s  for t h e  component breakdown of t h e  60° swept wing c o n f i g u r a t i o n  
are shown i n  f i g u r e  1 4 .  L i k e  t h e  44O swept wing BVWC c o n f i g u r a t i o n ,  a t  a Mach 
number of 0 .4  t h e  normal force d u e  to  p i t c h  ra te  resu l t s  f o r  t h e  60° swept wing 
B W C  c o n f i g u r a t i o n  are p o s i t i v e ,  b u t  both p o s i t i v e  and nega t ive  v a l u e s  a r e  
found a t  M = 0 .7 ,  

The r e su l t s  f o r  t h e  component breakdown of  t h e  44O swept wing conf igura-  
t i o n  are p resen ted  i n  f i g u r e  1 5  f o r  damping i n  yaw and o s c i l l a t o r y  d i r e c t i o n a l  
s t a b i l i t y .  The B W C  c o n f i g u r a t i o n  has  p o s i t i v e  damping i n  yaw over  t h e  angle-  
o f - a t t ack  range but  t h e  o s c i l l a t o r y  s t a b i l i t y  changes s i g n  and t h e  conf igura-  
t i o n  becomes u n s t a b l e  a t  a n g l e s  of a t t a c k  between 14O and 17O. 
t ends  to  d e s t a b i l i z e  t h e  conf igu ra t ion :  The use  of t h e  nose strakes with t h e  
canard on ( f ig :  1 6 )  showed a s m a l l  decrease i n  o s c i l l a t o r y  d i r e c t i o n a l  s t a b i l -  
i t y  a t  a Mach number of 0 . 4  and on ly  r e s u l t e d  i n  a small i n c r e a s e  i n  direc- 
t i o n a l  s t a b i l i t y  for a n g l e s  of a t tack above 16O a t  a Mach number of  0 . 7 .  A t  a 
Mach number of  Ok7, t h e r e  w a s  no i n c r e a s e  i n  ang le  of a t tack where t h e  model 
r e t a i n e d  p d s i t i v e  o s c i l l a t o r y  d i r e c t i o n a l  s t a b i l i t y  as a r e s u l t  o f  adding t h e  
nose strakes.  F igu re  17  shows t h e  l i m i t e d  and sometimes adverse  e f f e c t  o f  add- 
ing  t h e  nose s t rakes  to  t h e  BVW conf igu ra t ion :  The 60° swept wing BVWC conf ig-  
u r a t i o n  i n  f i g u r e  18 had p o s i t i v e  yaw damping and s a t i s f a c t o r y  v a l u e s  o f  t h e  
o s c i l l a t o r y  d i r e c t i o n a l  s t a b i l i t y  up to  a n g l e s  of  a t t ack  of 17O to  1 9 O  where 

The canard 

I 
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t h i s  parameter changed s i g n s .  Adding t h e  cana rd  r e s u l t e d  i n  a less d i r e c t i o n -  
a l l y  s tab le  BVWC c o n f i g u r a t i o n  for t h e  60° swept wing j u s t  as it d i d  for t h e  
4 4 0  swept wing. 

The r e s u l t s  for t h e  component breakdown of t h e  various c o n f i g u r a t i o n s  are 
p r e s e n t e d  i n  f i g u r e s  19 to  22 for t h e  r o l l i n g  moment due  to yaw rate and t h e  
e f f e c t i v e  d i h e d r a l  parameter. Genera l ly ,  a t  t h e  p o s i t i v e  a n g l e s  of a t tack  t h e  
winged c o n f i g u r a t i o n s  had p o s i t i v e  v a l u e s  of t h e  r o l l i n g  moment due to yaw rate  
and negative v a l u e s  of t h e  e f f e c t i v e  d i h e d r a l  parameter. 

The component breakdawn of t h e  4 4 0  swept wing c o n f i g u r a t i o n  for t h e  r o l l  
o s c i l l a t i o n  tests i n  f i g u r e  23 was made a t  a Mach number of 0.3 because of a n  
ex t r aneous  model-sting v i b r a t i o n  which p rec luded  t e s t i n g  o v e r  t h e  f u l l  angle-  
of-attack range  for t h e  BVW c o n f i g u r a t i o n  a t  t h e  h i g h e r  Mach numbers. Both t h e  
BVW and t h e  BVWC c o n f i g u r a t i o n s  ma in ta ined  a h i g h  l e v e l  of ro l l  damping over 
t h e  complete angle-of-at tack range. I n  f i g u r e  23 t h e  r o l l  damping c o n t r i b u t i o n  
of t h e  cana rd  and i t s  f a v o r a b l e  i n t e r f e r e n c e  w i t h  t h e  44O swept wing ( t h e  d i f -  
f e r e n c e  between t h e  BVWC and t h e  BVW c o n f i g u r g t i o n s )  g e n e r a l l y  i n c r e a s e d  w i t h  
a n g l e  of attack. On t h e  o t h e r  hand, t h e  cana rd  and body a l o n e  ( c o n f i g u r a t i o n  
BC) has  almost a c o n s t a n t  l e v e l  of rol l  damping up to an a n g l e  of a t t a c k  of 
about  160. There is a large n e g a t i v e  peak i n  t h e  damping-in-roll parameter 
e v i d e n t  a t  a n  a n g l e  o f  a t t ack  of about  18O f o r  t h e  BVWC c o n f i g u r a t i o n  i n  f i g -  
u r e s  23 and 24. As expec ted ,  t h e  nose s t rakes  i n  f i g u r e  25 i n f luenced  t h e  r o l l  
damping o n l y  s l i g h t l y .  I n  f i g u r e  26 t h e  c a n a r d s  d i d  n o t  a f f ec t  t h e  damping i n  
ro l l  of t h e  60° swept wing c o n f i g u r a t i o n  as much as t h e  4 4 0  swept wing configu- 
r a t i o n  e x c e p t  a t  i s o l a t e d  a n g l e s  of attack. 

R e s u l t s  f o r  t h e  yawing moment due  to  ro l l  ra te  parameter and t h e  yawing 
moment due to  ro l l  d i sp lacemen t  parameter f o r  t h e  v a r i o u s  c o n f i g u r a t i o n s  are i n  
f i g u r e s  27 to  30. Removing t h e  cana rd  s u r f a c e s  from t h e  complete BVWC configu- 
r a t i o n  r e s u l t e d  i n  a p o s i t i v e  increment to t h e  yawing moment due to  ro l l  rate. 

COMPARISON OF EXPERIMENTAL RESULTS W I T H  VORTEX-LATTICE ESTIMATES 

T h e o r e t i c a l  estimates of some of t h e  aerodynamic s t a b i l i t y  d e r i v a t i v e s  
were made us ing  t h e  v o r t e x - l a t t i c e  computer program d e s c r i b e d  i n  r e f e r e n c e  8. 
Th i s  program h a s  t h e  c a p a b i l i t y  to accommodate m u l t i p l e  l i f t i n g  s u r f a c e s  such 
as t h e  canard-wing h o r i z o n t a l - t a i l  c o n f i g u r a t i o n .  The program u t i l i z e s  a 
v o r t e x - l a t t i c e  r e p r e s e n t a t i o n  of a ze ro - th i ckness  l i f t i n g  planform, b u t  t h e  
v e r t i c a l  s e p a r a t i o n  o f  t h e  v a r i o u s  l i f t i n g  surfaces, such as  occurs between t h e  
canard and t h e  wing, can be  modeled i n  t h e  program as  one o f  t h e  i n p u t s .  The 
t h e o r e t i c a l  estimates d o  n o t  i n c l u d e  any v o r t e x  l i f t  c o n t r i b u t i o n s .  The es t i -  
mates are based on t h e  assumption o f  an  at tached-f low c o n d i t i o n  and are t h e r e -  
fore o n l y  v a l i d  n e a r  an a n g l e  of a t tack  of Oo. The expe r imen ta l  resul ts  for 
comparison pu rposes  are f o r  an  a n g l e  o f  a t tack of OO; t h e  m u l t i p l e  expe r imen ta l  
d a t a  p o i n t s  f o r  each c o n f i g u r a t i o n  have been averaged for c l a r i t y .  

F igu re  3 1 ( a )  compares t h e  e x p e r i m e n t a l l y  determined pitching-moment param- 
e ters  wi th  t h e  t h e o r e t i c a l  estimates f o r  t h e  4 4 0  swept wing c o n f i g u r a t i o n s .  
The s i g n i f i c a n t  d i f f e r e n c e s  for t h e  damping-in-pitch comparison are cons ide red  
to be a r e s u l t  of o m i t t i n g  t h e  term from t h e  t h e o r e t i c a l  estimates. 
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Therefore ,  t h e  estimates have smaller n e g a t i v e  v a l u e s  than  t h e  exper imenta l  
va lues .  The agreement of t h e  o s c i l l a t o r y  l o n g i t u d i n a l - s t a b i l i t y  parameters  
i n  t h e  lower par t  of f i g u r e  3 1 ( a )  is cons ide red  good because each o f  t h e  con- 
f i g u r a t i o n s  shows close agreement wi th  t h e  expe r imen ta l  r e s u l t s  and t h e  esti- 
mates. I n  a d d i t i o n ,  t h e  k2C, term i n  t h e  o s c i l l a t o r y  l o n g i t u d i n a l - s t a b i l i t y  

parameter  should  be i n s i g n i f i c a n t  for t h i s  a i r c r a f t  c o n f i g u r a t i o n .  The normal- 
force-parameter  comparison is shown i n  f i g u r e  3 1 ( b ) .  For t h e  winged conf igura-  
t i o n s ,  t h e  expe r imen ta l  r e s u l t s  for 

M = 0.4 to M = 0.7 wh i l e  t h e  t h e o r e t i c a l  estimates for 

p o s i t i v e  slope w i t h  Mach number. The t h e o r e t i c a l  estimates f o r  t h e  winged con- 
f i g u r a t i o n s  for a r e  seen  t o  be h ighe r ,  bu t  i n  r easonab le  agreement w i t h  

t h e  expe r imen ta l  v a l u e s  of t h e  normal force due to  p i t c h  d isp lacement .  The 
damping-in-roll  comparisons f o r  t h e  44O swept wing c o n f i g u r a t i o n s  are i n  f i g -  
u re  31 (c) . The second term of t h e  expe r imen ta l  damping-in-roll  parameter 
should  be z e r o  because t h e  d a t a  are f o r  Oo a n g l e  of a t t a c k .  The t h e o r e t i c a l  
estimates for t h e  damping i n  r o l l  do  n o t  i n c l u d e  t h e  e f f ec t  of t h e  v e r t i c a l  
t a i l  i n  t h e  p re sence  of t h e  l i f t i n g  s u r f a c e s  because t h i s  was n o t  w i t h i n  t h e  
c a p a b i l i t i e s  of t h e  computer program. The exper imenta l  damping-in-roll  v a l u e s  
for t h e  winged c o n f i g u r a t i o n s  are h ighe r  t han  t h e  e s t ima ted  va lues .  Also,  f o r  
t h e  c o n f i g u r a t i o n s  wi th  t h e  wings removed, t h e  t h e o r e t i c a l  estimates a r e  h ighe r  
a t  t h e  s i n g l e  Mach number f o r  which expe r imen ta l  v a l u e s  were measured. 

4 

cNq + cR decrease  i n  magnitude from 

a lone  have a cNq 

The  comparisons of t h e  t h e o r e t i c a l  estimates wi th  t h e  expe r imen ta l  va lues  
of t h e  s t a b i l i t y  parameters for t h e  600 swept wing c o n f i g u r a t i o n s  are con ta ined  
i n  f i g u r e  32. Except for d i f f e r e n c e s  i n  magnitude of t h e  pa rame te r s ,  t h e  same 
t r e n d s  e x i s t  i n  t h e  comparisons for t h e  44O and t h e  60° swept wing conf igura-  
t i o n s  and t h e  s t a t e m e n t s  made concern ing  t h e  44O swept wing c o n f i g u r a t i o n s  a r e  
e q u a l l y  a p p l i c a b l e  t o  t h e  60° swept wing c o n f i g u r a t i o n s .  

SUMMARY OF RESULTS 

An i n v e s t i g a t i o n  has  been conducted t o  de termine  t h e  dynamic s t a b i l i t y  
c h a r a c t e r i s t i c s  of t w o  c lose-coupled canard-wing m o d e l s  a t  subson ic  speeds. 
The t w o  wing planforms tested had leading-edge wing sweeps of 4 4 0  and 600. 
The b a s i c  canard-wing v e r t i c a l - t a i l  c o n f i g u r a t i o n s  (BVWC) had p o s i t i v e  oscil- 
l a t o r y  l o n g i t u d i n a l  s t a b i l i t y  and p o s i t i v e  damping i n  p i t c h  e x c e p t  for a loss 
i n  damping a t  a Mach number of 0.4 and a n  a n g l e  of a t t ack  of 18O wi th  t h e  60° 
swept wing. I n  yaw t h e  canard  t e n d s  to  dec rease  t h e  o s c i l l a t o r y  d i r e c t i o n a l  
s t a b i l i t y  of t h e  b a s i c  c o n f i g u r a t i o n ,  and t h e  o s c i l l a t o r y  d i r e c t i o n a l  s t a b i l i t y  
became u n s t a b l e  a t  a n g l e s  of a t t a c k  between 14O and 19O depending on  wing sweep 
and Mach number. The use of a p a r t i c u l a r  s e t  of nose  s t rakes  d i d  n o t  s i g n i f i -  
c a n t l y  improve t h i s  loss i n  s t a b i l i t y .  Both t h e  4 4 0  and t h e  600 swept wings 
wi th  t h e  cana rds  on had p o s i t i v e  damping i n  yaw. The a d d i t i o n  of t h e  canard  
s u r f a c e s  to  t h e  4 4 0  swept wing r e s u l t e d  i n  an  i n c r e a s e  i n  t h e  damping i n  ro l l  
as t h e  a n g l e  of a t t a c k  was inc reased .  The canard  w i t h  t h e  600 swept wing d i d  
n o t  show t h i s  h i g h e r  l e v e l  of ro l l  damping w i t h  i n c r e a s i n g  a n g l e  of a t t a c k .  
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Theoretical estimates made for the various configurations showed reason- 
able agreement with the experimental results for the oscillatory longitudinal 
stability and the normal force due to pitch displacement. 
was obtained for the damping-in-pitch and damping-in-roll parameters. 

Only fair agreement 

Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
August 17, 1978 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 

Body l eng th ,  c m  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 .05  

Body width,  maximum, c m  . . . . . . . . . . . . . . . . . . . . . . . .  1 1  . l a  

Actua l  leading-edge sweep of  nominal 44O swept wing, deg . . . . . . .  44 .03  

Actua l  leading-edge sweep of  nominal 6 0 0  swept wing, deg . . . . . . .  59 .45  

Wings : . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 5 6  Aspect ra t io  

Area, c m 2 . .  

T i p c h o r d ,  c m . .  

Maximum th i ckness ,  p e r c e n t  chord, a t  - 

Span, cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54.36  
Mean geometr ic  chord,  cm . . . . . . . . . . . . . . . . . . . . . .  24 .56  

R o o t  chord a t  f u s e l a g e  junc tu re ,  c m  . . . . . . . . . . . . . . . . .  29 .80  

A i r f o i l  s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  C i r c u l a r  arc 

T i p  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  1156 

. . . . . . . . . . . . . . . . . . . . . . . . . .  6 .77  

R o o t  a t  f u s e l a g e  j u n c t u r e  . . . . . . . . . . . . . . . . . . . . .  6 

Canard and h o r i z o n t a l  t a i l :  
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  
Span, c m  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . . .  
Mean geometr ic  chord, c m  . . . . . . . . . . . . . . . . . . .  
Root chord a t  f u s e l a g e  j u n c t u r e ,  c m  . . . . . . . . . . . . . .  
T i p c h o r d ,  c m . .  . . . . . . . . . . . . . . . . . . . . . . .  
A i r f o i l  s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  
Maximum th i ckness ,  p e r c e n t  chord, a t  - 

R o o t  a t  fuselage j u n c t u r e  . . . . . . . . . . . . . . . . . .  
Tip  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Area, a n 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  2 .77  

. . .  38.06  - 51 .70  

. . .  1 6 . 2 3  . 522 .6  . . .  1 7 . 9 2  

. . .  3 .59  
C i r c u l a r  arc 

. . .  6 . . .  4 

Vertical  t a i l  : 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 9  
Span, cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 .03  
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . . . . . .  51.70  
Mean geometr ic  chord,  c m  . . . . . . . . . . . . . . . . . . . . . .  1 6 . 2 3  
Area, c m 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  261 .3  
Root chord a t  f u s e l a g e  junc tu re ,  c m  . . . . . . . . . . . . . . . . .  1 7 . 9 2  
T i p c h o r d ,  c m . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .59  
A i r f o i l  s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  Circular  arc 

Root a t  f u s e l a g e  j u n c t u r e  . . . . . . . . . . . . . . . . . . . . .  
T i p  4 

Maximum th i ckness ,  p e r c e n t  chord, a t  - 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Free-stream 
Mach number, 

M 

0.3 

.4 

e7 

- 

Axis 

- 

Pitch 

Yaw 

Roll 

- 

TABLE 11.- NOMINAL TUNNEL TEST CONDITIONS 

Dynamic 
pressure, 

kPa qcd 

6.00 

10.17 

25.05 

Velocity , 
V, m/sec 

102 

137 

233 

Stagnation 
temperature, 

T, K 

29 2 

301 

303 

TABLE 111.- OSCILLATION TEST PARAMETERS 

Amplitude, 
deg 

1 .o 

1 .o 

2.5 

Reynolds 
number, 

R 

1.62 x 106 

2.02 

3.05 

Reduced frequency parameter, 
k, rad 

0.0097 to 0.0268 

0.0188 to 0.0407 

0.0341 to 0.1 307 

1 3  
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Figure  1.- Body r e f e r e n c e  a x e s  wi th  c o e f f i c i e n t s ,  a n g l e s ,  
and angu la r  v e l o c i t i e s  shown i n  p o s i t i v e  sense.  
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(a) Configuration w i t h  44O swept wing. 

Figure 2,- General arrangement of models. A l l  linear 
dimensions are in centimeters. 
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(b) Configurat ion wi th  60° swept wing. 

F igu re  2.- Concluded. 
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(a) V i e w  looking upstream toward model, 
L-77- 7 21 

Figure 3.- Photographs of 60° swept wing model on fo rced -osc i l l a t ion  dynamic s t a b i l i t y  
sting i n  Langley high-speed 7- by 10-foot tunnel.  
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(b) One-quarter f r o n t  view of model. 

F igu re  3.-  Concluded, 

L-77 - 7 2 0 
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(a) Pitch or yaw balance. 

Figure 4.- Photographs of small-amplitude forced-oscillation dynamic stability balances. 
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(b) R o l l  balance. 

Figure 4.- Concluded. 
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(a) M = 0.4. 

Figure 5.- Results for component breakdown of 44O swept wing configuration for 
damping-in-pitch parameter and oscillatory longitudinal-stability parameter. 
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(b) M = 0.7. 

F i g u r e  5.- Concluded. 
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Figure 6.- Effect of horizontal tail with 44O swept wing configuration on 
damping-in-pitch parameter and on oscillatory longitudinal-stability 
parameter . 

23 

I 



0 
rJ 

CONFIG. 
BVWCH 
BVWC 

0 2 4 6 8 10 

Mean angle of attack, a, deg 

/.-- 

I------ 

\ 

\ 

14 16 18 20 

(b) M = 0.7. 

F igu re  6.- Concluded. 
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7.- Effect of strake with 44O swept wing configuration on 
damping-in-pitch parameter and on oscillatory longitudinal- 
stability parameter. 
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(b) M = 0.7. 

Figure 7.- Concluded. 
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Figure 8.- Effect of strake with BV configuration on damping-in-pitch 
parameter and on oscillatory longitudinal-stability parameter. 
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Figure 9.- Results for component breakdown of 60° swept wing configuration 
for damping-in-pitch parameter and oscillatory longitudinal-stability 
parameter. 
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Figure 10.- Results for component breakdown of 44O swept wing configuration 
for normal force due t o  pitch ra te  parameter and normal force due to  
pitch displacement parameter. 
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Figure 11.- E f f e c t  of horizontal  t a i l  with 44O swept wing configuration on 
normal force  due to p i t c h  ra te  parameter and on normal force  due to 
p i t ch  displacement parameter. 
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Figure 12.-  Effect of strake w i t h  44O swept wing configuration on normal 
force due to  pitch ra te  parameter and on normal force due to  pitch 
displacement parameter. 
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Figure 13.- Effect of strake with BV configuration on normal force due to pitch 
rate parameter and on normal force due to pitch displacement parameter. 
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Figure 14.-  Results for component breakdown of 60° swept wing configuration for 
normal force due to  pitch ra te  parameter and normal force due to  pitch 
displacement parameter. 
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Figure 15.- Results for component breakdown of 44O swept wing configuration for 
damping-in-yaw parameter and oscillatory directional-stability parameter. 
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Figure 16.- Effect of strake with 44O swept wing configuration on damping-in-yaw 
parameter and on oscillatory directional-stability parameter. 
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Figure 18.- Results for component breakdown of 60° swept wing configuration for 
damping-in-yaw parameter and oscillatory directional-stability parameter. 
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Figure 19.- Results for component breakdown of 44O swept wing configuration for 
rolling moment due to yaw rate parameter and effective dihedral parameter. 
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Figure 20.- Effect of strake w i t h  44O swept wing configuration on roll ing 
moment due to yaw rate  parameter and on effect ive dihedral parameter. 
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Figure 22.-  Results for component breakdown of 60° swept wing configuration for 
roll ing moment due to  yaw rate  parameter and effect ive dihedral parameter. 
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Figure 25.- Effect of strake with 44O swept wing configuration on 
damping-in-roll parameter and on rolling moment due to r o l l  
displacement parameter. 
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Figure  25.- Concluded. 
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Figure 26.- Effect of canard and ver t ical  t a i l  w i t h  60° swept wing configuration 
on damping-in-roll parameter and on roll ing moment due to  r o l l  displacement 
parameter. 
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Figure 27.- Results for component breakdown of 4 4 O  swept wing configuration for 
yawing.moment due to roll rate parameter and yawing moment due to roll dis- 
placement parameter. M = 0.3. 
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Figure 28.- Effect of canard with 44O swept wing configuration on yawing moment 
due to roll rate parameter and on yawing moment due to roll displacement 
parameter. 
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Figure 29.- Effect of strake with 44O swept wing configuration on yawing moment 
due to roll rate parameter and on yawing moment due to roll displacement 
parameter. 
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Figure 30.- Effect of canard and ver t ica l  t a i l  w i t h  60° swept wing configuration 
on yawing moment due to  r o l l  ra te  parameter and on yawing moment due to  r o l l  
displacement parameter. 
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Figure  30.- Concluded. 
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Figure 31.- Comparison of dynamic test results with vortex-lattice theoretical 
estimates for 4 4 0  swept wing configurations. ct = 00. 
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Figure 32.- Comparison of dynamic test results with vortex-lattice theoretical 
estimates for 60° swept wing configurations. c1 = Oo. 
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Figure 32.- Continued. 
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